Summary&horbar; Polyunsaturated fatty acids play an important part in the structure and function of cellular membranes and are precursors of lipid mediators which play a key role in cardiovascular and inflammatory diseases. Dietary sources of essential fatty acids are vegetable oils for either linoleic or a-linolenic acids, and sea fish oils for eicosapentaenoic and docosahexaenoic acids. Because of the specificity of the pancreatic lipid hydrolases, triglyceride fatty acid distribution is an essential parameter in the digestibility of fats. The efficiency of the intestinal uptake depends on the hydrolysis and especially on their micellarization. n-3 polyunsaturated fatty acid ethyl ester digestion is recognized to be impaired, but n-3 polyunsaturated fatty acid triglyceride hydrolysis remains a controversial point, and to some authors explains differences observed between vegetable and fish oil absorption. So additional studies are required to investigate this intestinal step. In enterocytes, morphological and biochemical absorption processes involve reesterification of long-chain fatty acids and lipoprotein formation. At this level, specific affinity of I-and L-FABPc (cytosolic fatty acid binding proteins) to polyunsaturated fatty acids requires further investigation. A better understanding of the role of these FABPc might bring to light the esterification step, particularly the integration of polyunsaturated fatty acids into phospholipids. With reference to differences published between fish and vegetable oil absorption, longer-term absorption studies appear essential to some authors. Polyunsaturated fatty acid absorption is thought to be not very dissimilar to that of long-chain mono-unsaturated fatty acid absorption. However, several digestion and absorption specific steps are worth studying with reference to the crucial role of polyunsaturated fatty acids in the organism, and for example adaptation of possible dietary supplements. polyunsaturated fatty acid / digestion / absorption pathway / enterocyte esterification / intestinal lipoprotein Résumé &horbar; Digestion et absorption intestinales des acides gras polyinsaturés. Les acides gras polyinsaturés interviennent dans la structure et la fonction des membranes cellulaires et ils participent à la synthèse des médiateurs cellulaires lipidiques dont le rôle est primordial dans la préven-tion des maladies cardiovasculaires et la défense de l'organisme. Les (Galloway et al, 1985) . Particularly n-3, polyunsaturated fatty acids have a very specific role in the membrane of the nervous system (Bourre et al, 1989 (Goodnight et al, 1982; Philbrick et al, 1987) . Polyunsaturated fatty acids are precursors of lipid mediators which play a key role in cardiovascular and inflammatory diseases. In recent years, evidence has been obtained showing that polyunsaturated fatty acids may be effective in prevention and therapy of cardiovascular diseases (Dyerberg et al, 1975 (Dyerberg et al, , 1978 Bang et al, 1976; Kromann and Green, 1980; Goodnight et al, 1982) . The low incidence of atherosclerosis and chronic inflammatory diseases among the Eskimos of Greenland has been related to their traditional diet rich in long-chain n-3 polyunsaturated fatty acids (Dyerberg et al, 1975; Bang et al, 1976) .
The 2 real main dietary essential fatty acids are linoleic acid, C18:2, n-6 and alinolenic acid, C18:3, n-3 because they cannot be synthesized by mammalian organisms. But mammalian organisms are generally able to convert linoleic acid (C18:2, n-6) and a-linolenic acid (C18:3, n-3) into n-6 and n-3 polyunsaturated longchain fatty acids with the participation of desaturases and elongases respectively. On the one hand, arachidonic (C20:4, n-6) and on the other hand, eicosapentaenoic (C20:5, n-3) and docosahexaenoic (C22:6, n-3) acids are synthesized and constitute the more important physiological polyunsaturated essential fatty acids. Arachidonic and eicosapentenoic acid are precursors of eicosanoids: prostaglandins, thromboxanes and leukotrienes, the biosynthesis of which is controlled by cyclooxygenases and endoperoxidases respectively. These eicosanoids have a broad spectrum of biological activity (Goodnight et al, 1982; Samuelsson, 1983 (Fischer and Weber, 1983) . Moreover, n-3 and n-6 fatty acids compete for the desaturase and elongase enzymes. As a consequence, n-3 fatty acids inhibit the synthesis of arachidonic acid from linoleic acid and a decrease in thromboxane A 2 synthesis may result (Holman, 1964) . These biochemical and physiological aspects explain some of the proposed benefits of fish oils (Dyerberg et al, 1978; Fischer and Weber, 1983) and the intense interest developed in the biological effects and nutritional essentiality of n-6 and particularly n-3 long chain polyunsaturated fatty acids.
According to the interaction of the n-6 and n-3 polyunsaturated fatty acids, and the importance of their respective metabolism and biological effects, recommendations for dietary fat/fatty acid intake have been proposed assuming 2 600 kcal/day. Total polyunsaturated fatty acids have been evaluated at 6-7% of calories with n-6/n-3 = 4/1, linoleic acid, a-linolenic acid, and eicosapentaenoic acid and docosahexaenoic acid together at 4.8-1.0 and 0.27% of calories respectively. Saturated fatty acids have been evaluated at 6-7% of calories and total mono-unsaturated fatty acids at 12-14% of calories (Lasserre et al, 1985; Simopoulos, 1989 (Lawson and Hughes, 1988c) . The derived C20 and C22 essential fatty acids may be found in animals. While land animals provide arachidonic acid (C20:4, n-6), sea animals and especially fish oils constitute some important natural sources of n-3 polyunsaturated fatty acids: eicosapentaenoic acid (C20:5, n-3) (EPA) and docosahexaenoic acid (C22:6, n-3) (DHA). However there is a wide variation in fatty acid composition according to the species. For example, herring and mackerel depot fats are rich in gadoleic (C20:1) and erucic (C22:1) acids (17-26% and 11-16% respectively) and poor in eicosapentaenoic (C20:5, n-3) and docosahexaenoic (C22:6, n-3) acids (6-7% and 5-8%). In contrast, menhaden oil contains 16 and 8% respectively of eicosapentaenoic and docosahexaenoic acids.
Triglyceride fatty acid distribution is an important parameter in the digestibility of fats (table II) . Unsaturated fatty acids occupy the 2-position of glycerol in fats of most mammals, except for pigs. Gammalinolenic acid, C18:3, n-6, is found in 2-and 3-positions of evening primrose, blackcurrant, and borage (Lawson and Hughes, 1988c Yurkowski, 1966; Brockerhoff et al, 1966a Brockerhoff et al, , 1968 Bottino et al, 1967) . In MaxEPA, a purified fish oil preparation, eicosapentaenoic acid occupies both the 2-and 1-, 3-positions and docosahexaenoic acid preferentially the 2-position (Chernenko et al, 1989 (Brindley, 1977;  Thomson, 1978; Friedman and Nylund, 1980 ; Thomson and Dietschy, 1981; Tso and Simmonds, 1984; Bernard and Carlier, 1989; Thomson et al, 1989) . Conversely, long-chain polyunsaturated fatty acid triglyceride digestion and absorption studies began only a few years ago (Nelson and Ackman, 1988) and sometimes gave conflicting results (McDonald et al, 1980; Chen et al, 1987b; Nilsson et al, 1987; Chernenko et al, 1989; Pavero et al, 1989) . The assumption of most investigators was that polyunsaturated fatty acids are digested and absorbed through normal processes similar to those of mono-unsaturated long-chain fatty acids. However, some researchers suggested a possible substantial blood absorption pathway for polyunsaturated fatty acids with reference to their hydrosolubility properties (McDonald et al, 1980 (McDonald et al, , 1987 . In the proximal part of the small intestine, ie the end of the duodenum and the jejunum, the intestinal lumenal phase of the digestion of lipids by pancreatic lipid hydrolases takes place. In presence of bicarbonate-rich pancreatic juice and bile, triglycerides are included in the emulsion phase previously made in the stomach.
Pancreatic bicarbonates increase the intestinal lumenal pH to a value allowing an optimal activity of pancreatic enzymes. Simultaneously under the detergent action of bile salts, the diameter of the emulsion oil droplets is decreased from 50 000 down to 2 000 A. Intestinal lumen lipid emulsification is thought to be a limiting step for absorption of most long-chain fatty acids (Hofmann, 1976 (Chapus et al, 1975; Borgstr6m, 1977) .
Due to the specificity of pancreatic lipid hydrolases, the hydrolysis products included free fatty acids, free cholesterol, 1-lysophospholipids and 2-monoglycerides. Free fatty acids and 2-monoglycerides are the major constituents of the terminal phase of dietary lipid intestinal lumen digestion.
n-3, polyunsaturated fatty acid triglyceride digestion Brockerhoff et al (1966a), Yurkowski and Brockerhoff (1966) and Bottino et al (1967) reported that marine oil has an unusual fatty acid distribution pattern and observed that certain long-chain polyunsaturated fatty acids esterified in triglyceride oils of whales were resistant in vitro to porcine pancreatic lipolysis. This resistance, which seems to be independent of the position of polyunsaturated fatty acids on the glycerol molecule, was attributed to the introduction of a double bond in the 6-2 through 5-5 position of the fatty acid chain. It is a controversial point in vitro in the rat, when lipase and colipase were in sufficient excess over the dietary load, MaxEPA fish oil triglycerides were totally hydrolyzed into monoglycerides and free fatty acids (Chernenko et al, 1989) . However, Harris and Connor (1980) , reported the decrease of postprandial hypertriglyceridemia in humans fed a fatty meal, where the source of fat was salmon oil. Vahouny (1985) and Chen et al (1987a) demonstrated in rats that the total fatty acids recovered in lymph after respective salmon oil or menhaden oil and fish oil concentrate feeding were significantly lower than levels found after corn oil feeding. Lawson and Hughes (1988a) (Johnston, 1976 (Shiau et al, 1985; Shiau, 1990 (Stremmel, 1988 (Bass, 1985 (Clark and Hubscher, 1960) , rather than the glycerol-3-phosphate pathway (Kern and Borgstr6m, 1965 (Lawson and Hughes, 1988a,b (Cardell et al, 1967; Carlier, 1971; Sabesin, 1976; Bernard et al, 1979b (Vallot et al, 1985) . In contrast, in the same experimental conditions, only 1.8-2.2% of infused 14 C linoleic acid and 2.6 to 3% of infused 14 C arachidonic acid were recovered in the mesenteric portal venous blood mained lower than 5% of the infused radioactivity (fig 5) . In rats with fistulated main mesenteric lymphatic duct using the same labelled lipid emulsions (fig 6) , ie either 90 pmol of !4C fatty acid alone or 90 pmol of an equimolar mixture of !4C fatty acid, oleic acid and monopalmitin, only 0.36-3% of the infused 14 C decanoic acid was recovered in the lymph instead of 32-48% of the infused !4C linoleic acid (Vallot et al, 1985; and of 37-43% of the infused 14 C arachidonic acid during the 6 h following duodenal lipid infusion (Pavero ef al, 1989) . In the lymph, we observed a slightly higher recovery of !4C linoleic acid radioactivity rather than that of !4C arachidonic acid, as observed by Nilsson et al (1987) .
Twenty-four h after gastric administration of 300 pmol of either oleic acid or arachidonic acid or eicosapentaenoic acid, in rats with fistulated left thoracic lymphatic channel Chen et al (1985) demonstrated that the overall appearance of arachidonic and eicosapentaenoic acids in the lymph was quantitatively equivalent to that of oleate, although there were apparent differences in the rates of lymphatic absorption of these fatty acids. In these experiments the lymph recovery was 76. (Pavero et al, 1989) . Whatever the experimental conditions and the dose administered, unesterified polyunsaturated fatty acids are efficiently absorbed through the lymphatic pathway, even if some differences occur in the absorption profiles, as noted by Chen et al (1985) . Thus in our data, compared to oleic acid absorption, the peak of absorption was delayed by 30 min for arachidonic acid and that of linoleic acid by 60 min, and the lymph recovery was significantly lower (Pavero et al, 1989) . Such differences might be explained by the integration of these polyunsaturated fatty acids into pools of mucosal phospholipids before their effective integration in VLDL and chylomicrons.
Polyunsaturated fatty acid integration in lymph phospholipids
Most investigators noted a significant increase of labelled lymph phospholipids after labelled polyunsaturated fatty acid administration by comparison for example with a mono-unsaturated fatty acid such as oleic acid. Despite the fact that oleic, arachidonic and eicosapentaenoic acids were largely recovered in lymphatic triglycerides, particularly when administered alone (Chen et al, 1985; Nilsson et al, 1987; Pavero et al, 1989) , Chen et al (1985) showed a greater incorporation of arachidonic and eicosapentaenoic acids into lymphatic phospholipids (respectively 4.5 and 4.3% of the radioactive lipids) than oleic acid (2.1 %). Can such an esterification pathway be explained, as in the liver, by a preference of 1-lysophosphatidylacylCoA transferase for unsaturated fatty acids (Nisson et al, 1987) in press ). This integration in lymph phospholipids is particularly enhanced in our experimental conditions in vivo in the rat, when 30 pmol of monopalmitin of !4C fatty acids were administered with 30 pmol of oleic acid and 30 pmol of monopalmitin. Thus, at the maximum of the radioactive lymph recovery (from the 30th to the 120th min after the intraduodenal infusion), 1.1 to 3.1% of the lymph lipid radioactivity was recovered in phospholipids, after !4C oleic acid infusion, 7.3 to 19% of the lymph lipid radioactivity was found on phospholipids after 14 C arachidonic acid administration (Pavero et al, 1989) (fig 7) .
The integration of polyunsaturated fatty acids into lipoprotein phospholipids appears to be influenced by the quantity of lipids infused and the degree of unsaturation of the other lipids of the lipid emulsions. Thus, in the rat, Nilsson et al (1987) , observed that the incorporation of both linoleic and arachidonic acids into different lipid classes varied with the proportion of unsaturated fat in the meal: the proportion of the 2 polyunsaturated fatty acids in phospholipids was higher when fed in highly saturated fat ie cream instead of intralipid. Some of our results corroborated this observation: at the maximum of the radioactive lymph recovery, the integration of !4C arachidonic acid into phospholipids was significantly decreased when this fatty acid was administered in the presence of linoleic acid and mono-olein rather than when 14 C arachidonic acid was administered with oleic acid and monopalmitin (2.8-6.5% and 7.3-19% respectively of the lymph lipid radioactivity was recovered in the phospholipids) (Pavero et al, 1989 ).
Marine oil absorption
The above discussion concerns absorption studies of unesterified polyunsaturated fatty acids administered alone or with other lipids. What happens with vegetable oils rich in C18 polyunsaturated fatty acids, preferentially of the n-6 family, and with marine oils rich in C20 and C22 polyunsaturated fatty acids of the n-3 family? Harris and Connor (1980) observed that the ingestion of salmon oil did not give a typical fat tolerance curve in human subjects, compared to those given a control meal containing animal and vegetable fats.
These results were in agreement with Vahouny's data in the rat (Vahouny, 1985) . Then Chen et al (1987b) (Hamazaki et al, 1987 (Gangl and Ockner, 1975) . Although the intestine was an actively metabolizing tissue, it oxidized very little of the exogenous fatty acids. the study of catabolic products recovered in mesenteric portal venous blood of rats .
A chain shortening, more or less associated to chain lengthening, of erucic acid, was described when erucic acid was administered in free form either with triglycerides (Thomassen et al, 1985) , or with monoglycerides (Pavero et al, 1990 
